ABSTRACT: Recent research has demonstrated that fall-grown wheat (Triticum aestivum L.), triticale (X Triticosecale Wittmack), and oat (Avena sativa L.) forages contain limited lignin and exhibit relatively stable estimates of in vitro true DM disappearance, as well as TDN, across a wide fall-harvest window. These traits suggest that ruminal availability of forage fiber is extensive. Our objectives were to evaluate this premise by assessing in situ DM and NDF disappearance for Kaskaskia wheat, Trical 2700 triticale, Ogle oat (graintype, mid-maturity rating), and ForagePlus oat (foragetype, late maturity rating) grown and harvested during fall in Wisconsin. During 2006, ruminal disappearance rate (K d ) of DM declined linearly (P ≤ 0.002) across fall harvest dates for all cultivars; K d ranged narrowly (0.091 to 0.100/h) on the initial September 15 harvest date, but by October 30, K d generally was slower for oat (0.042 to 0.053/h) than for triticale (0.069/h) or wheat (0.072/h). Estimates of effective ruminal disappearance of DM (RDDM) were large for all cultivars (72.0 to 82.8% of DM), and generally exhibited polynomial trends over harvest dates that displayed both linear (P ≤ 0.003) and quadratic (P ≤ 0.004) character. For 2007, RDDM was extensive across all forages (70.5 to 83.1%), except for Ogle oat harvested on October 10 (61.5% of DM) or November 7 (57.0% of DM), at which time tillers had reached the boot-and fully headed stages of growth, respectively. For ruminal disappearance of NDF, K d declined linearly (P ≤ 0.002) across harvest dates for all cultivars during 2006 and 2007; a quadratic (P ≤ 0.033) effect also was detected for ForagePlus oat, but not for other cultivars (P ≥ 0.072). During both years, effective ruminal disappearance of NDF (RDNDF) declined linearly (P ≤ 0.008) over harvest dates for all cultivars, but detection of additional quadratic responses was dependent on cultivar and year. Concentrations of RDNDF for all cultivars ranged from 60.5 to 68.8% of NDF on mid-September harvest dates. Generally, these estimates declined to 51.4 to 60.0% of NDF by the final harvest date for all cultivars except Ogle oat, which reached numerical minimums of 46.8 and 37.2% of NDF on the final harvest dates of 2006 and 2007, respectively. Cereal-grain cultivars that elongate during fall will exhibit relatively stable RDDM and RDNDF through stem elongation; however, these estimates may decline substantially after tillers exhibit visible seedheads.
INTRODUCTION
Optimization of fall-forage growth from cereal grains can be an important management goal for beef and dairy producers. For beef producers, fall-forage growth from cereal grains can provide a source of high-quality pasture for fall-weaned calves and may limit the need for supplemental hay during winter. For dairy producers, fall-forage growth from cereal grains may serve as a management option for extending the grazing season, but also could provide emergency forage for dairies after summer drought. Under these circumstances, cereal grains would likely need to be harvested as silage, but this practice needs critical evaluation.
Recently, Contreras-Govea and Albrecht (2006) reported yields of DM > 6,000 kg/ha when establishment of spring oat (Avena sativa L.) was shifted to early August in Wisconsin. From a nutritional perspective, this study identified several additional benefits of fall growth; oat varieties contained 10 to 15% less NDF and exhibited greater in vitro true (IVTD) and 48-h NDF disappearance (NDFD), as well as increased concentrations of water-soluble carbohydrates when compared
In situ disappearance of dry matter and fiber from fall-grown cereal-grain forages from the north-central United States
with identical cultivars established the next spring. More recently, Coblentz and Walgenbach (2010) found that fall-grown wheat (Triticum aestivum L.), triticale (X Triticosecale Wittmack), and oat displayed relatively small concentrations of acid-detergent lignin, as well as stable estimates of IVTD and TDN across a relatively wide harvest window that coincided with stem elongation for oat and triticale tillers, and emergence of seedheads for oat tillers. Collectively, these responses suggested that ruminal fiber availability was improved when oat and triticale cultivars developed during fall. Our objectives for this study were to evaluate DM and NDF disappearance by in situ methods for the fallgrown wheat, triticale, and oat forages harvested in central Wisconsin that were described in detail in a previous report (Coblentz and Walgenbach, 2010) .
MATERIALS AND METHODS
Cannulations (protocol A-1307) and care of the cows (protocol A-1339) used this project were approved by the Research Animal Resources Center of the University of Wisconsin.
Establishment, Management, Harvesting, and Sampling Procedures
Procedures for establishment, management, and harvest of cereal-grain forages have been described in detail (Coblentz and Walgenbach, 2010) ; therefore, they will be summarized only briefly. A Richwood silt loam soil located near Prairie du Sac, WI, was seeded to oat during the early spring of 2006 and 2007. The plot area was then harvested as silage each summer to prevent shattering of potentially viable seed that could contaminate the experimental plots during the fall. Several days before fall establishment of cereal-grain plots, the entire area was sprayed with a nonselective herbicide (glyphosate, Monsanto Company, St. Louis, MO) to eliminate any volunteer weeds or grasses. Subsequently, 5.2 × 10.0-m replicated plots of Kaskaskia wheat, Ogle and ForagePlus oat, and Trical 2700 triticale were notill seeded with a Tye Pasture Pleaser drill (model 2005, AGCO Company, Duluth, GA). Seeding rates were 108, 134, and 123 kg/ha for wheat, oat, and triticale cultivars, respectively. All cultivars were included in each of 4 complete experimental blocks established on the basis of soil topography (slope). Wheat and oat cultivars were obtained from Wisconsin Foundation Seeds (Madison, WI), whereas Trical 2700 triticale was obtained from Wolf River Valley Seeds (White Lake, WI). For oat cultivars, Ogle is considered to be a mediummaturity, grain-type spring oat, whereas ForagePlus is a late-maturing spring-oat cultivar selected specifically for forage production. Plots were established on August 11, 2006, and August 13, 2007 ; after seeding, each plot was fertilized immediately with ammonium nitrate (34-0-0) at a rate of 56 kg of N/ha disbursed through a calibrated applicator (model 1010, Gandy Co., Owatonna, MN).
Plots were harvested on 3 dates each year with a sickle-bar mower, and grab samples (~1,000 g) from each plot were dried in paper bags to a constant weight at 50°C. Harvest dates were spaced at approximately 3-wk intervals beginning in mid-September; these occurred on September 15, October 6, and October 30, 2006, and September 19, October 10, and November 7, 2007 . After forage samples were dried to constant weight, they were ground through a Wiley mill (Arthur H. Thomas, Philadelphia, PA) fitted with a 2-mm screen. Samples were stored in sealed freezer bags at room temperature pending subsequent in situ incubations for DM and NDF disappearance.
In Situ Procedures
Twenty-four forages were evaluated for kinetics of ruminal DM and NDF disappearance. These forages consisted of a complete factorial arrangement of 4 cultivars (Kaskaskia wheat, Ogle and ForagePlus oat, and Trical 2700 triticale), 3 harvest dates/yr, and 2 yr (2006 and 2007) . Each of the 24 forages evaluated was a composite with equal representation by weight from each of the 4 field replications.
Four nonlactating 886 ± 72.5 kg ruminally cannulated Holstein cows were housed in individual 4.3 × 8.5-m pens with concrete floors that were bedded with wood shavings and cleaned daily. A basal diet consisting of alfalfa haylage (34.9% DM, 18.1% CP, 44.4% NDF, 34.9% ADF, and 61.4% TDN), corn silage (35.6% DM, 7.1% CP, 41.1% NDF, 23.3% ADF, and 67.8% TDN), and a trace mineral package was offered in equal portions at 0900 and 1500 h at a daily cumulative rate of 1.25% of BW. The basal diet contained 60.9% alfalfa haylage, 38.7% corn silage, and 0.4% trace mineral on an as-fed basis. Cows were allowed 10 d of adaptation to the basal diet before cereal-grain forages were evaluated for disappearance kinetics of DM and NDF.
In situ procedures were consistent with the standardized techniques described by Vanzant et al. (1998) , in which 5-g samples of dried forage that were ground through a 2-mm screen were sealed in 10 × 20 cm Dacron bags (50 ± 10 μm pore size; Ankom Technology Corp., Macedon, NY), and then grouped within 35 × 50 cm mesh bags on the basis of withdrawal time. Each larger mesh bag contained 24 Dacron bags, one of which was assigned to each of the 24 forages evaluated. All bags were then incubated in tepid water (39°C) for 20 min, immediately inserted simultaneously into the ventral rumen, and then incubated for 3, 6, 9, 12, 24, 36, 48, 72, or 96 h. After removal from the rumen, forage samples were rinsed immediately in a top-loading washing machine. Rinsing procedures included 10 coldwater rinse cycles, where each rinse cycle consisted of 1 min of agitation and 2 min of spin (Coblentz et al., 1997; Vanzant et al., 1998) . Additional bags also were preincubated and rinsed without ruminal incubation, thereby creating a 0-h incubation time. After machine rinsing, residues were dried at 50°C, equilibrated with the atmosphere in the laboratory, and then weighed to determine residual DM. Determination of residual weights of DM were made on an air-equilibrated basis because of the hydroscopic nature of Dacron bags ( Vanzant et al., 1996) .
To determine disappearance kinetics of NDF, 0.5-g subsamples of the air-equilibrated residues from each Dacron bag were digested in NDF using batch procedures outlined by Ankom Technology Corp. for an Ankom200 Fiber Analyzer. Neither heat-stable α-amylase nor sodium sulfite was included in the neutral-detergent solution. Using these procedures, the entire study was composed of 960 Dacron bags. Allocation of bags and rumen withdrawal times were identical across all animals. Therefore, for each of the 4 cows, there were 240 total Dacron bags (24 cereal grain forages × 10 time periods); of these, 216 bags were incubated within the ventral rumen and 24 represented the 0-h bags that were presoaked and rinsed without ruminal incubation.
The percentage of DM or NDF remaining at each incubation time was fitted to the nonlinear regression model of Mertens and Loften (1980) using PROC NLIN (SAS Inst. Inc., Cary, NC), which partitions DM or NDF into 3 fractions based on relative susceptibility to ruminal disappearance. Fractions A, B, and C were defined as the portions of DM or NDF disappearing at a rate too fast to measure, disappearing at a measurable rate, or unavailable in the rumen, respectively. Fractions B and C, as well as lag time and disappearance rate (K d ) were estimated directly from the regression model. Fraction A was calculated as 100% -(B + C), and effective ruminal disappearance of DM or NDF (RDDM or RDNDF, respectively) was calculated (Ørskov and McDonald, 1979) , where Kp = passage rate, which was assigned arbitrarily at 0.04/h. An independent ruminal DM or NDF decay curve was fitted for each combination of animal and forage, thereby resulting in 96 decay curves for the entire project.
Statistics
Regression parameters derived from ruminal DM and NDF decay curves were analyzed by ANOVA. Forage treatments were arranged as a factorial arrangement of 4 cultivars × 3 harvest dates × 2 yr, and then analyzed initially with PROC GLM of SAS as a randomized complete block design with cows designated as the blocking term. For most response variables, interactions of cultivar, harvest date, or both with year were significant; therefore, data were resorted and analyzed by year. Within year, effects of cultivar and harvest date frequently interacted; therefore, single-degree-of-freedom orthogonal contrasts were constructed to test each cultivar for linear and quadratic responses over harvest dates. Because harvests were occasionally delayed as a result of inclement weather, PROC IML of SAS was used to adjust coefficients for orthogonality. To compare the effects of cultivar, data were further sorted by harvest date, and then cultivars were compared within harvest date using 3 single-degree-of-freedom contrasts: i) all elongating (oat and triticale) cultivars vs. vegetative (wheat); ii) oat vs. triticale; and iii) grain (Ogle) vs. forage (ForagePlus) oat.
RESULTS AND DISCUSSION

Lignin to NDF Ratios
The fiber composition of the 24 cereal-grain forages evaluated in this study have been reported and discussed previously (Coblentz and Walgenbach, 2010) . Calculations based on these data indicate that proportions of the forage NDF pool comprised by lignin (lignin to NDF ratio) averaged 0.020 ± 0.0111 across the 24 cereal-grain forages, which is only about 20% of that reported for oat, barley (Hordeum vulgare L.), triticale, and wheat hays or silages harvested during spring and summer at the heading stage of growth (range = 0.091 to 0.112; NRC, 2001). Lignin-to-NDF ratios reported or calculated from other studies (Cherney and Marten, 1982; Cherney et al., 1983; Jaster et al., 1985; Acosta et al., 1991; Okine et al., 1994; Coblentz et al., 2002; Dann et al., 2007) also have ranged up to 6 times greater than those observed for our fall-grown forages.
In part, the large reduction observed for lignin to NDF ratios in these fall-grown cereal grains can be explained by very small concentrations of lignin (mean = 0.98 ± 0.75%; Coblentz and Walgenbach, 2010) , which are likely to be associated with cooler temperatures during tiller development, relative to those observed during typical spring or summer maturation. Temperature is known to be associated positively with lignification (Van Soest et al., 1978; Ford et al., 1979; Van Soest, 1982) . Furthermore, oat is a long-day plant (Dennis, 1984) ; therefore, tiller development, day length, and temperature are all positively associated after typical spring establishment of oat. In contrast, temperature and day length are negatively associated with tiller development during fall growth, and these factors likely delay maturation. Previously, this day length and temperature association has been suggested as a governing factor in the positive relationship between cellulose and lignin concentrations for initial spring or early summer harvests of perennial cool-season grasses (Van Soest et al., 1978) . However, the positive association between concentrations of cellulose and lignin for these forages became negative in harvests of regrowth, which may be related to the lack of association between day length and temperature during summer, as well as declines of both climatic factors during fall (Van Soest et al., 1978) .
From a historical perspective, concentrations of lignin, the lignin to cellulose ratio, and the log (lignin/cellu-lose) derived from a wide range of temperate grasses including barley, oat, rye (Secale cereale L.), and wheat have been correlated negatively (−0.82 to −0.87) with in vitro estimates of K d for cell-wall disappearance, and positively (0.87 to 0.89) with 72-h cell-wall indigestibility (Smith et al., 1972) . Similarly, Cherney et al. (1983) demonstrated that lignin and the lignin to NDF ratio were correlated negatively with K d and 72-h extent of in vitro NDF disappearance for oat and barley forages. Based primarily on the limited lignification within our cereal-grain forages, coupled with these past research efforts, concentrations of IVTD were expected to reflect extensive ruminal availability. Our previous data (Coblentz and Walgenbach, 2010) strongly supported this premise for all forages except Ogle oat harvested at the boot and fully headed stages of growth during 2007 (IVTD = 75.3 and 72.9%, respectively). Concentrations of IVTD for all other cereal-grain forages (overall mean = 89.6 ± 1.93%) suggested that ruminal availability of DM was extensive and that in vitro estimates of digestibility varied only minimally with species and growth stage, provided cereal-grain tillers were vegetative or elongating. Similarly, Bargo et al. (2001) has reported increased concentrations of in vitro DM (80.7%) and OM (81.5%) disappearance for winter-oat forage grazed by dairy cows during late fall and early winter.
Ruminal Disappearance Kinetics of DM 2006
For 2006, percentages of DM available immediately in the rumen (fraction A) changed in a quadratic (P < 0.001) pattern over harvest dates for all cultivars (Table 1). Linear effects also were observed for Kaskaskia wheat (P = 0.016) and ForagePlus oat (P < 0.001). From a practical perspective, these responses were similar for all cultivars. On the September 15 harvest date, fraction A comprised more than one-half of all forage DM and ranged narrowly across all cultivars (50.3 to 53.4%). Generally, fraction A declined for all cultivars by October 6, ranging from 44.9 to 48.9% of DM, although the magnitude of this depression was somewhat greater for oat and triticale cultivars that initiated stem elongation. By the final harvest date, fraction A increased for all cultivars to concentrations comparable with those observed on the initial (September 15) harvest date. This response is consistent with previous work showing that leaf and stem fractions from fallgrown oat accumulated concentrations of water-soluble carbohydrates that were 1.6 and 3.3 times greater, respectively, than oat forages harvested (traditionally) during summer (Contreras-Govea and Albrecht, 2006) . Generally, the accumulation of various solutes, including sugars, often is observed in winter cereals as part of hardening, or natural resistance to freeze damage (Eastin and Sullivan, 1984) , and this is reflected clearly in concentrations of truly digestible nonfiber carbohydrates for our cereal-grain forages, which approached or exceeded 30% of the total forage DM on the final harvest date of 2006 (Coblentz and Walgenbach, 2010) .
Across all harvest dates, fraction B ranged narrowly from 40.2 to 48.1% of DM, generally exhibiting responses that were mirror-opposite to those observed for fraction A. Fraction B changed with quadratic (P < 0.001) effects for all cultivars, and additional linear effects were observed for Kaskaskia wheat (P = 0.022) and ForagePlus oat (P = 0.002). Fraction C ranged narrowly from 3.9 to 7.3% of DM across all cultivars, regardless of harvest date. This represents a uniquely consistent potential extent of ruminal availability (≥92.7% of DM) across a 45-d harvest window for cultivars exhibiting a substantial range of tiller development (Coblentz and Walgenbach, 2010) . For fraction C, only Kaskaskia wheat (P = 0.042) and Ogle oat (P = 0.036) exhibited quadratic effects of harvest date, whereas no linear effects were observed for any cultivar (P ≥ 0.081).
Estimates of lag time also were relatively consistent across cultivars and harvest dates (overall range = 0.97 to 2.72 h); a linear increase (P = 0.015) across harvest dates was observed for ForagePlus oat, but no other polynomial trends were detected for any cultivar (P ≥ 0.069). Estimates of K d declined linearly (P ≤ 0.002) across harvest dates for all cultivars, but quadratic effects were not observed (P ≥ 0.082) for any cultivar except ForagePlus oat (P = 0.024). Generally, K d was comparable across cultivars on the September 15 harvest date (overall mean = 0.096/h), when each cultivar was at the vegetative stage of growth. This K d is consistent with other reports for immature cereal-grain forages (0.078 to 0.094/h, Bargo et al., 2001 ; 0.086 to 0.111/h, Coblentz et al., 2000) . The reduced estimates of K d across harvest dates were partly associated with tiller development; K d for Kaskaskia wheat, which remained vegetative on all harvest dates, declined by only 27% between September 15 and October 30. In contrast, K d for Ogle oat declined by 56% over the same harvest interval, which was consistent with its most advanced growth stage among cultivars (Coblentz and Walgenbach, 2010) . Compared with these cultivars, ForagePlus oat and Trical 2700 triticale exhibited intermediate reductions for K d over harvest dates that were consistent with their intermediate tiller development relative to other cultivars (Coblentz and Walgenbach, 2010) .
Estimates of RDDM were extensive (72.0 to 82.8%) for all cultivars on all harvest dates. Generally, each cultivar exhibited the greatest RDDM (overall mean = 82.1%) on the September 15 harvest date when all cultivars were vegetative; subsequently, RDDM declined over the first harvest interval, and then remained relatively static through the final October 30 harvest date. These responses were explained by linear (P ≤ 0.003) effects of harvest date for all cultivars, as well as strong quadratic (P ≤ 0.004) effects for all cultivars except Kaskaskia wheat (P = 0.101). Our estimates of RDDM are consistent with others made for immature cerealgrain forages calculated with the particulate passage rate set at approximately 0.040/h (79.0 to 79.9%, Bargo Coblentz et al., 2000) . Within the September 15 harvest date (Table 2) , there was little practical difference among cultivars for RDDM; however, a statistical difference between Ogle and ForagePlus oat (80.8 vs. 82.8%; P = 0.042) was detected on that date. On subsequent harvest dates, there was increased differentiation among cultivar types with all elongating cultivars differing from wheat (P ≤ 0.004), oat cultivars differing from triticale (P ≤ 0.003), and Ogle differing from ForagePlus oat (P ≤ 0.025). In practice, these differences were largely associated with Ogle oat; RDDM for Kaskaskia wheat, ForagePlus oat, and Trical 2700 triticale on October 30 were nearly identical (overall range = 78.1 to 79.3%), but the estimate for Ogle was somewhat depressed (72.0%), likely in response to its more advanced growth stage by that date (Coblentz and Walgenbach, 2010) .
Ruminal Disappearance Kinetics of DM 2007
In most practical respects, kinetic estimates during 2007 (Table 3) were similar to those observed the previous year. For all cultivars, fraction A comprised nearly one-half of all DM on the initial September 19 harvest date, but declined in all cases by October 10 before stabilizing or increasing slightly over the final harvest interval. These responses were explained by linear (P ≤ 0.014) and quadratic (P ≤ 0.001) effects of harvest date for all cultivars. Fraction B ranged between 40.5 and 50.9% of DM across all cultivars and harvest dates, but polynomial effects of harvest date varied with cultivar. As observed for 2006, the percentage of forage DM unavailable in the rumen was relatively small across all cultivars and harvest dates (≤22.1%); however, responses for oat varied somewhat from other species. For Kaskaskia wheat and Trical 2700 triticale, fraction C comprised only 3.8 to 6.6% of forage DM, which was consistent with the previous year. Oat cultivars partitioned larger percentages of forage DM into fraction C on the final 2 harvest dates (7.4 to 22.1%), which was likely associated with the more advanced growth stages on those harvest dates compared with 2006. Over harvest dates, fraction C for oat cultivars increased with linear (P < 0.001) effects for both cultivars, coupled with an additional quadratic (P < 0.001) effect for Ogle oat.
Estimates of lag time were not affected by harvest date for any cultivar (overall mean = 2.28 h; P ≥ 0.139; Estimates of RDDM were relatively large (70.5 to 83.1%) on all harvest dates for all cultivars except Ogle oat. Among these cultivars, RDDM declined linearly (P < 0.001) across harvest dates for Kaskaskia wheat, and with linear (P < 0.001) and quadratic (P ≤ 0.002) effects for ForagePlus oat and Trical 2700 triticale. The quadratic character of these trends was related primarily to relatively static responses over the final harvest interval that was not observed for Kaskaskia wheat. Ogle oat also exhibited declining RDDM that was explained by linear and quadratic (P < 0.001) effects of harvest date. However, the magnitude of this reduction was far greater (77.5 to 57.0%) over the 49-d harvest window than observed for other cultivars and can likely be explained on the basis of its advanced (fully headed) stage of growth on November 7 (Coblentz and Walgenbach, 2010) . In comparisons of cultivars within harvest date (Table 4) , oat cultivars differed (P ≤ 0.008) from triticale, and Ogle differed (P ≤ 0.002) from ForagePlus oat on all harvest dates. Similarly, oat and triticale cultivars differed (P < 0.001) from wheat on all dates except September 19 (P = 0.155). These differences were largely created by the advanced maturity and unique estimates of RDDM for Ogle oat on all harvest dates compared with other cultivars.
Ruminal Disappearance Kinetics of NDF 2006
Fraction A for cereal-grain forages produced during 2006 comprised a relatively small percentage of the total NDF pool, ranging from 4.4 to 12.5% (Table 5) . Theoretically, NDF is insoluble in water (Van Soest, 1982) and therefore should be completely recovered in 0-h bags. In practice, recovery is rarely complete, but is commonly >90% for cereal-grain forages (Coblentz et , 2000) , and is often unreported (Bargo et al., 2001) , or correction procedures are used to set disappearance of NDF to 0% at 0 h (Hackmann et al., 2010) . However, substantial losses of NDF at 0 h have been reported for immature perennial cool-season grasses, such as timothy (Hoffman et al., 1993) or winter-stockpiled tall fescue (Flores et al., 2007) that have ranged up to 29.4% of the NDF pool. In the present study, fraction A generally was greater on the initial September 15 harvest date when tillers from all cultivars were vegetative, and subsequently changed quadratically (P ≤ 0.047) across dates for all cultivars, with additional linear (P ≤ 0.032) effects observed for Ogle and ForagePlus oat.
Fraction B comprised large percentages of the NDF pool (78.7 to 88.5%) for all cultivars across all harvest dates and exhibited detectable quadratic effects for Kaskaskia wheat (P = 0.001), ForagePlus oat (P = 0.009), and Trical 2700 triticale (P < 0.001). Generally, these effects were created by modest increases in fraction B during the first harvest interval, followed by a similar decline during the final harvest interval. Fraction C comprised only small percentages of the total NDF pool, ranging narrowly from 7.0 to 11.7% across all cultivars and sampling dates. This suggests that the potential extent of fiber disappearance for all cereal-grain forages was ≥88.3%, which is more extensive than other reports for cereal grains (Coblentz et al., 2000; Bargo et al., 2001 ), or for a wide variety of perennial cool-season grasses harvested during spring at the second-node stage of growth (Hoffman et al., 1993) . A quadratic (P = 0.016) effect of harvest date was observed for Kaskaskia wheat, but no other polynomial effects were detected for any other cultivar (P ≥ 0.063). Generally, lag times increased with later harvest dates, but these responses were somewhat erratic, and detectable linear effects were observed for ForagePlus oat (P < 0.001) and Trical 2700 triticale (P = 0.042), but not for other cultivars (P ≥ 0.056). On September 15, K d for disappearance of NDF ranged from 0.082 to 0.092/h, and declined linearly (P ≤ 0.002) across harvest dates for all cultivars; however, this reduction for K d was most severe for Ogle oat (52%). Similarly, RDNDF also declined linearly (P ≤ 0.008) across harvest dates for all cultivars, ranging narrowly (62.4 to 65.6%) on the initial September 15 harvest date, but showing considerably greater variability across cultivars (46.8 to 60.0%) by October 30. Generally, these estimates of RDNDF are substantially more extensive than those reported for other perennial and annual cool-season grasses (Hoffman et al., 1993; Coblentz et al., 2000; Flores et al., 2007; Hackmann et al., 2010) , which are rarely >60%, even for immature grasses, and frequently are <30% for mature forages (Hoffman et al., 1993) . Within harvest dates (Table 6 ), RDNDF did not differ (P ≥ 0.066) among cultivar groups on September 15, but cultivar groups differed strongly (P ≤ 0.003) by the final harvest date, primarily on the basis of reduced estimates of RDNDF for oat cultivars.
Ruminal Disappearance Kinetics of NDF 2007
For 2007, Kaskaskia wheat and Trical 2700 triticale exhibited ruminal disappearance characteristics for NDF that were very similar to those observed the previous year. Specifically, fraction C was ≤10.3% across all harvest dates, indicating extensive potential ruminal availability (Table 7) . Estimates of K d and RDNDF declined linearly (P < 0.001) across harvest dates, but RDNDF on the November 7 harvest date remained extensive, accounting for 56.5 and 59.1% of the total NDF pool for wheat and triticale, respectively. Results for 2007 differed from 2006 primarily for oat cultivars, both of which reached more advanced growth stages on all harvest dates relative to the previous year (Coblentz and Walgenbach, 2010) . This was especially true for Ogle oat, which was fully headed by the final harvest date; as a result of this more advanced tiller development, fraction C increased with linear (P < 0.001) and quadratic (P < 0.001) effects of harvest date, reaching a maximum of 31.9% on November 7. ForagePlus matured more slowly than Ogle oat and exhibited similar, but less extensive, responses in which fraction C reached 16.2% by the final harvest date. For both oat cultivars, RDNDF declined across harvest dates with linear (P < 0.001) and quadratic (P ≤ 0.001) effects; however, the quadratic character of these responses was likely created by rapid depression of disappearance during the first harvest interval, but relatively limited responses thereafter. Within harvest dates (Table 8) , the accelerated tiller development exhibited by both oat cultivars was reflected in cultivar comparisons. On September 19, oat cultivars differed (P = 0.019) from triticale, and Ogle differed (P = 0.007) from ForagePlus oat. On subsequent harvest dates, all comparisons among cultivar groups differed strongly (P < 0.001); by November 7, the RDNDF for Ogle oat declined to 37.2%, which was 14.2 percentage units less (P < 0.001) than observed for ForagePlus oat on the same harvest date.
Management Considerations
Generally, fall-grown cereal-grain forages are likely to exhibit concentrations of lignin, as well as ratios of lignin to NDF that are considerably less than many cereal-grain and other cool-season forages that mature during spring or summer. As a result, laboratory assessments of digestibility, such as IVTD or 48-h NDFD, are likely to suggest extensive ruminal availability. Similar responses also are likely to be observed for in situ estimates of potential extent of DM or NDF disappearance, as well as RDDM or RDNDF. Although the potential extent of DM or NDF disappearance was affected only minimally by stem elongation, K d slowed in relationships with harvest dates that exhibited primarily linear character, regardless of whether tillers jointed and subsequently elongated (oat and triticale) or re- Contrasts evaluate the linear and quadratic effects of harvest date.
Ruminal availability from cereal-grain forages mained vegetative (wheat). In this study, only the tiller development for Ogle oat reached boot and heading stages of growth, and this more advanced tiller development sharply reduced measures of DM or NDF disappearance. Although concentrations of IVTD, RDDM, and RDNDF were depressed by the advanced growth stages attained by Ogle oat relative to the other cereal grains, it is important to include some general perspective. Even at the boot and heading stages of growth, in situ variables describing ruminal DM and NDF disappearance for fall-grown Ogle oat compared favorably with other estimates for oat (Coblentz et al., 2000; Dann et al., 2007) , perennial cool-season grasses harvested at full inflorescence (Hoffman et al., 1993) , and cool-season grasses generally (Hackmann et al., 2010) . Furthermore, Contreras-Govea and Albrecht (2006) demonstrated that fall-grown oat cultivars exhibit considerably greater concentrations of IVTD and NDFD at 77 d postestablishment than the same oat cultivars managed similarly during the spring. Many factors likely contribute to these unique nutritional or kinetic characteristics or both of fall-grown cereal-grain forages. An incomplete list of these factors includes i) establishment date; ii) the effect of latesummer weather conditions on emergence and early growth; iii) temperatures during the late-summer and early fall, which are positively associated with lignification and may affect digestibility adversely (Van Soest et al., 1978; Ford et al., 1979; Van Soest, 1982) ; iv) cultivar selection, especially on the basis of an aggressive maturation rate, which may increase fall yield (Maloney et al., 1999; Gunsaulis et al., 2008; Coblentz and Walgenbach, 2010) , but affect various nutritional indices negatively; v) leaf/stem ratio (Contreras-Govea and Albrecht, 2006); vi) growth stage at harvest; vii) accumulation of sugars and other solutes in response to cold temperatures (Eastin and Sullivan, 1984) ; and viii) deterioration of headed or mature tillers in response to freeze damage during late fall. Many of these factors obviously interact with each other. Therefore, separation or quantification of the specific effects of each of these factors would require artificially controlled studies, such as those designed for greenhouses or growth chambers. Several studies (Gunsaulis et al., 2008; Coblentz and Walgenbach, 2010) have shown that selection of cereal-grain cultivars that undergo stem elongation during the fall will result in yield advantages before winter of approximately 2:1 over species/cultivars that remain vegetative, such as wheat. Based on the results of this study, elongating cultivars will retain relatively Contrasts evaluate the linear and quadratic effects of harvest date.
Ruminal availability from cereal-grain forages stable concentrations of IVTD, RDDM, or RDNDF throughout stem elongation, but these nutritional characteristics may decline with further tiller development. However, the natural accumulation of sugars as a mechanism against freeze damage (Eastin and Sullivan, 1984; Contreras-Govea and Albrecht, 2006) offers some potential to offset associated depressions in NDF disappearance, thereby partially maintaining estimates of TDN (Coblentz and Walgenbach, 2010) . However, the overall nutritive value, as well as in situ disappearance of DM and NDF will likely be substantially superior to identical cultivars harvested during late spring or summer, and livestock producers can likely use these traits to their considerable advantage under specific production scenarios. In central Wisconsin, the ruminal fiber availability for our fall-grown cereal grains was extensive, especially when harvests were made before boot stage. When this characteristic is coupled with the tendency to accumulate nonfiber carbohydrate during late October, these forages yield relatively stable concentrations of TDN (Coblentz and Walgenbach, 2010 ) that can be used by a wide range of livestock classes. For oat and triticale cultivars, estimates of TDN ranged generally between 65 and 70% during tiller elongation. Therefore, to maximize the energy density of these forages for lactating dairy cows, a one-time harvest as silage should occur by the boot stage of tiller development. There may be a relatively wide window of opportunity for harvest at this growth stage because maturation rate is slow relative to traditional spring or summer tiller development. The harvest window for these forages may be further broadened by establishing both grain-and forage-type oat cultivars independently; these cultivar types will develop at different rates and reach boot stage on different dates. If greater yields of DM, or somewhat reduced energy densities are desired (for example, for dairy heifers), harvests should be delayed until the seedhead is visible. Producers also will need to evaluate the risk of snowfall and the onset of other winter weather conditions when making decisions about harvest management. Utilization of fall-grown cereals also can be used in grazing applications for both dairy and beef enterprises, especially for extending the grazing season. Selection of cultivars that elongate will improve forage DM availability during fall relative to wheat, but regrowth will likely be poor, and there is a near certainty of winterkill for oat. To utilize any elongated cereal grain during fall, pastures probably should be strip-grazed to prevent excessive losses from trampling and other livestock activity.
